Sustainability has become one of the key factors for long-term business success. Recent research and practice show that business model innovation is a promising approach for improving sustainability in manufacturing firms. To date business models have been examined mostly from the perspectives of value proposition, value capture, value creation and delivery. There is a need for a more comprehensive understanding of value in order to promote sustainability. This paper proposes value uncaptured as a new perspective for sustainable business model innovation, and develops four forms of value uncaptured: value surplus, value absence, value missed and value destroyed. This paper also proposes a framework of using value uncaptured for sustainable business model innovation. This framework has been validated in case studies in six product-service systems firms with advanced manufacturing technologies. The empirical studies identify 26 main sources of value uncaptured throughout the product life cycle. The findings show that (a) the new perspective of value uncaptured can help manufacturing firms understand the negative aspects of their business models; (b) the four forms and 26 sources can assist firms in identifying value uncaptured in a structured way; and (c) the identified value uncaptured can trigger the discovery of new value opportunities which lead to new business models with higher sustainable value. This paper extends the existing studies on business models from the perspectives of value proposition, capture, creation and delivery, to value uncaptured. The proposed framework has helped firms identify value opportunities that trigger the innovation of sustainable business models. Therefore, this paper contributes to both theory and practice in the field of sustainable business models innovation.
Introduction
Advanced manufacturing uses emerging materials and technologies that coordinate information, computation, automation, and sensing in manufacturing to improve products or processes (Boyer et al., 1996; PCAST, 2011) . Advanced manufacturing could significantly improve quality and flexibility, and at the same time reduce cost when compared to conventional manufacturing (Bülbül et al., 2013) . It has the potential to influence the shape of the future of manufacturing and is essential to improving sustainability (Foresight, 2013) . Technology innovation plays a key role in affecting advanced manufacturing for sustainability, because it can bring radical changes to the manufacturing process in which material, energy consumption and carbon emissions could be hugely reduced. However, technology innovation alone cannot succeed in the market (Chesbrough, 2010; Zott et al., 2011) , and is unlikely to deliver sustainability (Chesbrough and Rosenbloom, 2002; Giesen et al., 2007; Girotra and Netessine, 2013) . Technology always needs suitable business models to achieve its commercial potential (Chesbrough, 2010) and to improve its sustainability (Foresight, 2013) . There is a growing research interest in developing new business models to improve advanced manufacturing, for example, the proposal for consumer-centric business models for additive manufacturing (Bogers et al., 2016) and focused-flexibility manufacturing systems (Copani and Urgo, 2012) . There is also strong practical evidence that advanced manufacturing firms are already developing new business models to improve sustainability, for example, Tesla Motor's switching station model for electric vehicles (Girotra and Netessine, 2013) and ZETA's build-to-order model (Girotra and Netessine, 2013) .
